Objectives This study aimed to investigate associations of physical activity (PA) and sedentary behavior (SB) with depression and anxiety symptoms during pregnancy among Chinese, Malay, and Indian women. Methods Women answered PA and SB (sitting time and television time) interview questions and self-completed the Edinburgh Postnatal Depression Scale (EPDS) and StateTrait Anxiety Inventory (STAI) questionnaires, at week 26-28 gestation. Sufficient levels of PA (≥600MET-minutes/ week) and higher sitting time (≥7 h/day) were determined. Associations of PA and SB with probable antenatal depression (EPDS-score ≥15), higher state anxiety (score ≥42), and higher trait anxiety (score ≥43) were determined by logistic regression analysis. Results Among the 1144 pregnant women included in the study, 7.3, 22.5, and 23.6 % had probable antenatal depression, higher state anxiety, and higher trait anxiety symptoms, respectively. In the adjusted models, women with sufficient level of PA were less likely to have probable antenatal depression (OR 0.54, 95 % CI 0.31-0.94, p = 0.030) and higher trait anxiety symptoms (OR 0.68, 95 % CI 0.48-0.94, p = 0.022). PA was not associated with state anxiety symptoms. SB was not associated with any of the investigated outcomes. Conclusions Sufficient PA was associated with a reduced likelihood of probable antenatal depression and trait anxiety symptoms. Further investigation of these findings is warranted to determine cause-effect relationships and identify potential preventive strategies.
Introduction
Pregnancy and transition to parenthood are major life changing events in a woman's life, as it involves biological, psychological, and social changes for the woman (Podvornik et al. 2015; Teixeira et al. 2009 ). These changes can affect psychological wellbeing in many women, with depression and anxiety symptoms being the most common mental disorders during pregnancy (Andersson et al. 2003; Bödecs et al. 2011) . Wide variation of estimated prevalence rates have been reported for antenatal depression: 7-15 % in developed countries, 19-25 % in developing countries (Podvornik et al. 2015) , and global antenatal anxiety varied from 14 to 54 % (Madhavanprabhakaran et al. 2015) . Correspondingly, in Asian countries (China, Singapore, Malaysia, India, and Bangladesh), the prevalence of antenatal depression varied from 5 to 18 %, and anxiety varied from 7 to 29 % (Ajinkya et al. 2013; Fadzil et al. 2013; Kwan et al. 2015; Nasreen et al. 2011; Qiao et al. 2009 ). Ethnic variations have been reported in the prevalence of depression and anxiety possibly due to sociocultural and lifestyle differences (Goebert et al. 2007; Prady et al. 2013; Shakeel et al. 2015) . Maternal depression and anxiety during pregnancy potentially predispose to detrimental effects on pregnancy and birth outcomes, such as increased risk for preeclampsia, spontaneous preterm delivery, and low birth weight (Madhavanprabhakaran et al. 2015; Podvornik et al. 2015) , but the magnitude of the association may vary in different socioeconomic groups and according to the country's developmental level (Grote et al. 2010) .
Regular physical activity (PA) may have beneficial effects on developmental processes of depression and anxiety (Anderson and Shivakumar 2013; Dinas et al. 2011; Rebar et al. 2015) . It is recommended that healthy pregnant women participate in at least 150 min/week of moderate-intensity of PA (U.S. Department of Health and Human Services 2008) , which is in line with the World Health Organization (WHO) PA recommendation for health benefits in general adult populations (2010b). The role of PA in prevention and treatment of depression and anxiety has been studied extensively in non-pregnant populations (Bartley et al. 2013; Dinas et al. 2011; Strohle 2009 ); however, research on pregnant populations is limited. To date, research on pregnant women has mainly focused on the association between PA and depression (Demissie et al. 2011; Loprinzi Paul et al. 2012; Perales et al. 2015; RobledoColonia et al. 2012; Tendais et al. 2011) , while the association between PA and anxiety has hardly been studied (Costa et al. 2003; Takahasi et al. 2013 ). This body of literature provides some evidence supporting a beneficial effect of PA on depression and anxiety symptoms of pregnant women (Costa et al. 2003; Demissie et al. 2011; Loprinzi Paul et al. 2012; Perales et al. 2015; Robledo-Colonia et al. 2012) .
Independent from meeting recommended physical activity levels, time spent in sedentary behavior (SB) has emerged as a potential risk factor of maternal mental health (Teychenne et al. 2015) . Previous studies suggest that overall sitting time and television viewing time are associated with increased risk of depression and anxiety in a non-pregnant population (de Wit et al. 2011; Granner and Mburia-Mwalili 2010; Teychenne et al. 2015; Teychenne et al. 2010 ). However, two existing studies found inconsistent associations between sitting time and depression in pregnant women (University of Warwick Producer 2015; Watts et al. 2013) .
Most of these studies were conducted in Western populations. In contrast, associations of PA and SB during pregnancy with antenatal depression and anxiety are poorly documented in Asian countries, which have many ethnic groups with varied sociocultures and lifestyles. Hence, the purpose of our study was to bridge this gap in scientific knowledge by investigating the associations of PA and SB with antenatal depression and anxiety symptoms within the growing up in Singapore towards healthy outcomes (GUSTO), a pregnancy-offspring cohort study.
Methods

Study design and population
The GUSTO study is a population-based pregnancy-offspring cohort, which enrolled pregnant women attending first trimester antenatal clinic visit at two major public maternity units in Singapore, namely, KK Women's and Children's Hospital (KKH) and National University Hospital (NUH) from June 2009 to September 2010. Participants were pregnant women aged 18 years and above, from the three major Asian ethnic groups in Singapore, namely, Chinese, Malay, and Indian; were Singapore citizens or permanent residents who had the intention of delivering in KKH/NUH; were staying in Singapore for at least the next 5 years; and had agreed to donate biological tissue samples. Women who had type I diabetic mellitus, receiving chemotherapy or psychotropic drugs were not included. More details on the study are available elsewhere (Soh Shu-et al. 2014a, b) . The study protocol was approved by ethics committees of the hospitals involved: SingHealth Centralized Institutional Review Board and National Healthcare Group Domain Specific Review Board in Singapore. All participants gave written informed consent.
Assessment of maternal psychological well being
At 26-28 weeks of gestation visit, information on depression and anxiety symptoms were obtained by using respectively the Edinburgh Postnatal Depression Scale (EPDS) and the Spielberger State-Trait Anxiety Inventory (STAI) selfadministered instruments. EPDS was originally designed to assess postnatal depression and has proven to be reliable and sensitive for assessing antenatal depressive symptoms during pregnancy (Bergink et al. 2011; Rubertsson et al. 2011) .
EPDS is a ten-item scale, each item being scored on a fourpoint scale (0-3). A score of ≥15 on EPDS is considered to be suggestive of probable antenatal depressive symptoms (Gibson et al. 2009 ). STAI is a 40-item instrument using 4-point Likert scales, in which 20 items assess the trait measure and another 20 items the state measure. The trait measure reflects a more stable personality characteristic, while the state measure reflects transient characteristics of anxiety. The cutoff for high STAI scores is determined by the 75th percentile of a given sample as suggested by Nasreen et al. (2010) and Li et al. (2013) . In our study, a score of 42 and 43 identified the top quartile (75th percentile) group based on levels of state and trait anxiety. Hence, ≥42 and ≥43 were determined as prenatal higher state anxiety and trait anxiety symptoms, respectively.
Assessment of physical activity and sedentary behavior
Physical activity and sedentary behavior questions were asked as part of a structured interviewer-administered questionnaire at 26-28 weeks of gestation. The detailed measurement of PA and SB has been reported elsewhere (Padmapriya et al. 2015) . Briefly, physical activities were categorized as light-moderate (leaves the person tired but not exhausted), moderate (leaves the person exhausted but not breathless), and vigorous intensity (makes the heart beat rapidly and leaves the person breathless). The participants reported frequency per week and duration of each period of activity for three different intensity levels of PA. Total weekly hours spent in each intensity level of PA were obtained by multiplying frequency with duration.
PA energy expenditure was calculated in metabolic equivalent task (MET). An absolute MET value was assigned for light-moderate, moderate, and vigorous intensity (3.3, 4.0, and 8.0, respectively); it was adopted from the protocol for International Physical Activity Questionnaire short form, with 1.0 MET corresponding to resting energy expenditure (IPAQ Research Committee Producer 2005) . Energy expended on each intensity level of PA in MET hours per week was calculated by multiplying the total hours spent on specific intensity per week with its corresponding MET value. Energy expended per week in all the three PA intensity levels were summed up to estimate total energy expended (TEE) on PA per week (light-moderate + moderate + vigorous MET-hours/ week), and then it was converted into MET-minutes per week. TEE on PA was categorized into insufficiently active (<600 MET-minutes/week) and sufficiently active (≥600 MET-minutes/week) based on the WHO recommendation of a minimum of 600 MET-minute per week PA for health benefits (WHO Producer 2010a).
Sedentary behavior was determined by asking participants to report total sitting time per day and television viewing time per day. Given the lack of established cutoffs for total sitting time and television viewing time, categories were based on lower tertile. In our sample, <7 h of total sitting time per day and <2 h of television viewing time per day were identified as lower tertiles. Hence, ≥7 h of total sitting per day and ≥2 h of television viewing time per day were defined as higher total sitting time and television time, respectively. These categories seem to correspond with existing literature that found that more than seven hours of sitting time per day was associated with depressive symptoms in non-pregnant women (van Uffelen et al. 2013) . Similarly, two or more hours of television viewing time per day was found to be associated with depression and anxiety in general adults (Elements behavioral health Producer 2010).
Other measurements and covariates
Maternal age, ethnicity, educational level, household income, and prepregnancy weight were asked at recruitment visit, and maternal occupation during pregnancy and history of cigarette smoking were asked at 26-28 weeks of gestational visit as part of intervieweradministered questionnaires. Parity data was collected from hospital medical records. Monthly household income was categorized as low, lower-medium, medium, and high based on hierarchy in the administered questionnaire (Singapore dollars <2000, 2000-3999, 4000-5999, and ≥6000, respectively). Weight in kilograms and height in centimeters were measured using a weighing scale (SECA model 803) and a stadiometer (SECA model 213, Hamburg, Germany) by trained research staff. Prepregnancy body mass index (BMI, kg/ m 2 ) was calculated based on self-reported prepregnancy weight in kilograms, and height in centimeters was measured at the 26-28 weeks of gestational visit. Prepregnancy BMI was categorized as underweight, normal weight, overweight, and obese (<18. 5, 18.5-24.9, 25-29.9 , and ≥30, respectively), according to the WHO cutoffs (2000) .
Statistical analysis
Means and standard deviations were calculated for continuous data, while frequencies and percentages were calculated for categorical data. Independent t test for continuous variables and chi-square test for categorical variables were computed to describe the differences between women with probable antenatal depression symptoms and higher state anxiety symptoms and trait anxiety symptoms. Unadjusted and adjusted odds ratios (ORs) with corresponding 95 % confidence intervals (CIs) for the associations of maternal PA, total sitting time and television viewing time during pregnancy with probable antenatal depression symptoms, and higher state anxiety and trait anxiety symptoms were estimated by simple and multivariable logistic regressions. Findings were tested for ethnic differences by stratifying regressions according to ethnic group. Though, statistically significant interactions between PA/total sitting time/television viewing time and ethnicity on probable antenatal depression and higher state anxiety and trait anxiety symptoms during pregnancy were not found in this study (p > 0.05). Based on the literature, models were adjusted for the following potential confounders: maternal age, ethnicity, education, working status during pregnancy, household income, history of cigarette smoking, parity, and prepregnancy BMI (Demissie et al. 2011; Loprinzi Paul et al. 2012; Shakeel et al. 2015) . Additionally, PA and total sitting time were mutually adjusted in a separate model (results remained unchanged) to explore the independent associations of PA and total sitting time with probable antenatal depression symptoms and higher state anxiety and trait anxiety symptoms during pregnancy (data not shown). Statistical significance was determined at p < 0.05. All statistical analyses were performed using SPSS v19 (IBM, Chicago, IL, USA).
Results
Subject characteristics
Among the 1247 pregnant women enrolled in the GUSTO cohort, 1144 (91.7 %) who completed at least one complete set of EPDS (n = 1136, 99.3 %) or STAI-state (n = 1013, 88.6 %) or STAI-trait (n = 1039, 90.8 %) questionnaires along with PA and SB questions were included in the analysis (Fig. 1) . Table 1 presents the sociodemographic characteristics of women included in the analysis overall and according to probable antenatal depression symptoms and higher state anxiety and trait anxiety symptoms. A total of 65.7 % (n = 744) women was classified as sufficiently active, 72.4 % (n = 827) as having higher sitting time, and 53.7 % (n = 614) as having higher television viewing time. A total of 84 (7.3 %) had probable antenatal depression, 257 (22.5 %) higher state anxiety symptoms and 270 (23.6 %) higher trait anxiety symptoms. Women with probable antenatal depression symptoms and/or higher state anxiety symptoms and/or higher trait anxiety symptoms were younger, more likely to be Malay and Indian and not working, had lower education and income levels and history of smoking, higher BMI, lower total sitting time, and higher television viewing during pregnancy (p < 0.05). A total of 164 (14.3 %) participants had missing data for at least one of the covariates and were not included in the regression analysis. They were not significantly different from the included subjects according to age, ethnic group, education, parity, BMI, PA, total sitting time, and television viewing time (p > 0.05).
Associations of PA with probable antenatal depression and higher state anxiety and trait anxiety symptoms PA during pregnancy was not associated with higher state anxiety symptoms during pregnancy in crude, adjusted, and stratified models. However, women with sufficient level of PA during pregnancy were less likely to have higher trait anxiety symptoms in overall sample (adjusted OR 0.68, 95 % CI 0.48-0.94, p = 0.022). In stratified analyses, significant associations were only found in Indian and Malay but not in Chinese women (adjusted OR 0.31, 95 % CI 0.12-0.80, p = 0.016 for Indian; OR 0.54, 95 % CI 0.28-1.03, p = 0.062 for Malay; OR 0.88, 95 % CI 0.56-1.36, p = 0.555 for Chinese).
Associations of SB and probable antenatal depression and anxiety symptoms Table 3 shows total sitting time during pregnancy was not associated with probable antenatal depression symptoms and higher state anxiety and trait anxiety symptoms in the overall sample and in the ethnic subgroups. Television viewing time during pregnancy was also not associated with probable antenatal depression symptoms and higher trait anxiety symptoms. Women with higher television viewing time were more likely to have higher state anxiety symptoms as compared to women with lower television viewing time in crude analysis (OR 1.56, 95 % CI 1.14-2.14, p = 0.006); this association ceased to exist in the adjusted analysis for overall sample (OR 1.21, 95 % CI 0.86-1.71, p = 285) and for ethnic subgroups.
Discussion
This study set out to investigate the associations of PA and SB with probable antenatal depression symptoms and higher state anxiety and trait anxiety symptoms. Our findings indicate that higher levels of PA during pregnancy were associated with a lower risk of probable antenatal depression symptoms after adjusting for relevant confounders. Similar associations were observed between PA and higher trait anxiety symptoms, but not with higher state anxiety symptoms. Some possible differences between the three main ethnic groups were noted, but they were not conclusive and require further investigation. In contrast to PA, there were no associations of SB (total sitting time and TV viewing time) with measures of mental health during pregnancy in our population. To our knowledge, this is the first study investigating the associations between television time and depression symptoms and associations between SB (total sitting time and television viewing time) and anxiety symptoms during pregnancy. Moreover, this study reflects the first study of its kind conducted in a multiethnic Asian population of pregnant women.
Our findings generally supports previous research findings that PA was inversely associated with depression and anxiety symptoms during pregnancy (Costa et al. 2003; de Wit et al. 2015; Demissie et al. 2011; Loprinzi Paul et al. 2012; Perales et al. 2015; Robledo-Colonia et al. 2012 ). In contrast, Takahasi et al. (2013) showed no association between PA and depression. While Watts et al. (2013) also reported no association between total sitting time and depressive symptoms, another previous study reported positive association between depression and sitting time during second trimester pregnancy (University of Warwick Producer 2015). In addition, previous studies in general populations suggest that SB, including television time, was positively associated with risk of depression and anxiety (de Wit et al. 2011; Granner and Mburia-Mwalili 2010; Rebar Amanda et al. 2014; Teychenne et al. 2015; Teychenne et al. 2010) .
The differences between these previous findings and current study might be partly explained by the diversity of assessment tools used to measure PA, SB, and depression and anxiety symptoms during pregnancy. Some results suggest that the associations of PA and SB with depression and anxiety symptoms may differ by activity domains and contexts (Demissie et al. 2011; Potts and Sanchez 1994; Rebar Amanda et al. 2014) . Demisse et al. (2011) reported that adult and child care activities and other indoor household activities may increase the risk of having depressive symptoms during pregnancy, unlike recreational PA, because the former activities may be considered burdensome. Similarly, type of television program might be associated with depressive and anxiety STAI-all 20 trait items answered (n=1039)
Fig. 1 Study flow diagram
Physical activity and antenatal depression and anxiety in Asianssymptoms rather than television viewing time (Potts and Sanchez 1994) .
The biological mechanism behind the observed association is unclear. Potential mechanisms underpinning the inverse p values are determined by chi-square or independent t test SD standard deviation, GCE 'A' levels general certificate of education-advance levels, BMI body mass index *Significantly associated at alpha level p = 0.05 a Data is presented as mean and ± standard deviation b Total sample size ranged from 1056 to 1144 due to the missing values Table 2 Odds for probable antenatal depression symptoms and higher state anxiety and trait anxiety symptoms for sufficiently active women compared with insufficiently active women during pregnancy in the GUSTO cohort study Odds ratios are adjusted for age, education, working during pregnancy, household income, smoking history, parity during pregnancy, and prepregnancy BMI Table 3 Odds for probable antenatal depression symptoms and higher state anxiety and trait anxiety symptoms for women reported higher total sitting time as compared to lower total sitting time and higher television viewing time as compared to lower television viewing time during pregnancy in the GUSTO cohort study Odds ratios are adjusted for age, education, working during pregnancy, household income, smoking history, parity during pregnancy, and prepregnancy BMI Physical activity and antenatal depression and anxiety in Asiansassociation of PA with depression and anxiety symptoms include the effect of PA on increases in plasma β-endorphin levels, core body temperature, central serotonergic systems, availability of neurotransmitters, and blood flow to brain regions involved in emotional regulations. And, PA results in a disruption of the hypothalamic-pituitary-adrenocortical axis that regulates endocrine response to stress and improved sleep hypothesized that these changes might help people feel less anxious and depressed (Dinas et al. 2011; van Uffelen et al. 2013) . Moreover, PA and exercise might help to increase peripheral brain-derived neurotrophic factor concentration, which may reduce depressive symptoms (Lee et al. 2007; Marais et al. 2009; Mata et al. 2010) . Biological mechanisms of associations of SB with depression and anxiety may be similar to those proposed for PA; however, evidence is currently lacking (van Uffelen et al. 2013) . Psychosocial mechanism may also be important, for instance, passive sedentary activities might encourage social isolation (Hamer et al. 2014) , while PA enhances feeling of control and mastery, improved self-esteem and physical worth, behavioral activation, and social interaction (van Uffelen et al. 2013 ).
The main strength of this study is that it included a large sample of pregnant women from Chinese, Malay, and Indian ethnic groups. The scope of the GUSTO study allowed us to adjust for a number of potential confounders, though as in any observational study, residual confounding may remain. PA and SB data were collected as part of a structured interviewer-administered questionnaire; it was administered by trained interviewers to improve data quality. EPDS and STAI questionnaires are valid, reliable, and frequently used in research involving large samples to collect the data on prenatal depression and anxiety symptoms, respectively (Gibson et al. 2009; Nasreen et al. 2010; Rubertsson et al. 2011) .
Nevertheless, limitations have to be considered. At first, PA and SB data were self-reported by the participants, which may introduce recall bias. We assigned MET values for each PA intensity level that were standardized for an average adult and not specifically for pregnant women. However, we believe that this imprecision was minimal, as our data was restricted to the first 6 months of pregnancy (Padmapriya et al. 2015) . A second limitation is that PA, SB, depression, and anxiety data were collected at the same time point at 26-28 weeks of gestation. Hence, we cannot exclude that our findings were due to reverse causality, as individuals with depression and anxiety symptoms may be less likely to engage in PA because of apathy or lower energy levels (Azevedo Da Silva et al. 2012) . Also, we could not adjust for preexisting depression and anxiety symptoms as this information is not available in our cohort; however, women who had psychotropic drugs were excluded from recruitment in the study (Soh Shu-et al. 2014a, b) . Thirdly, the assessment of psychiatric symptoms was across scales in general, not specific to pregnant women (Gibson et al. 2009; Newham et al. 2012) . Hence, the results should be interpreted with caution. Finally, external validity of our study is limited because the population was not representative of the general population: for instance, ethnic background of non-recruited women differed from recruited women (p = 0.04) in the GUSTO study (Soh Shu-et al. 2014a, b) . Despite these limitations, our study findings provide valuable information which will be helpful for future research.
In conclusion, this cohort study reported that PA during pregnancy was inversely associated with probable antenatal depression and trait anxiety symptoms, but not associated with state anxiety symptoms. And, SB during pregnancy was not associated with probable antenatal depression and anxiety symptoms. Prevention and management of depression and anxiety symptoms during pregnancy is a major public health priority, as prenatal depression and anxiety can be associated with detrimental health outcome for both mother and child. The results of our study raise the possibility that promoting PA during pregnancy could be a strategy to prevent antenatal depression symptoms and trait anxiety symptoms. Intervention studies combining subjective and objective assessments of PA and SB in various domains and context are needed to confirm such hypothesis and to better understand the potential underlying mechanisms. This knowledge will help to develop effective public health promotion strategies to reduce the incidence of depression and anxiety symptoms during pregnancy.
